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Background: Testing is used by coaches to evaluate and identify program direction, 
identify player potential and to monitor fatigue. The countermovement jump (CMJ) test 
is commonly used to measure and monitor athletes’ power production. To interpret 
change, coaches need to establish the expected level of variability in athlete tests 
performance. Research indicates different populations exhibit different levels of 
variability in test scores. Thus, coaches must understand the variability of the team / 
athletes being tested before drawing conclusions from test results. Objective: The 
purpose of this study was to measure the reliability of CMJ performance in collegiate 
athletes with and without the use of an arm swing. Methods: Eight athletes (5 female and 
3 male) of Ithaca College’s varsity athletics program completed six CMJs (3 allowing 
arm swing and 3 without arm swing) on two separate days. Jumps were recorded on 
participant’s personal cellular phone and uploaded online for the research team to 
analyze. Movement time (MT) and flight time (FT) were measured with the mobile 
application My Jump 2 (XCode 5.0.5 for Mac OSX 10.9.2; Apple, Inc., USA). Jump 
height (JH) and the modified reactive strength index (RSImod) were calculated from MT 
and FT. Statistical Analysis: A 2-by-2 repeated measures analysis of variance was 
completed to examine differences in jump variables between jump conditions and 
between days. Intraclass correlation coefficients (ICC), 95% confidence intervals of the 
ICC and coefficients of variation were used to identify reliability between the two test 
days for MT, FT, JH, and RSImod. Results: Data showed FT to be significantly larger in 
the countermovement jump with an arm swing relative to the countermovement jump 
without an arm swing condition. Examination of reliability indices showed weak 
 
iv 
reliability for MT, FT, and JH in the countermovement jump without an arm swing 
condition. MT, FT, and JH exhibited poor reliability in the countermovement jump with 
and arm swing condition. RSImod exhibited poor reliability under both jump conditions. 
Conclusion: The results suggest that FT is the only variable to produce a statistically 
significant difference when completing the two jump conditions. Based on the current 
study’s results, the My Jump 2 phone application does not appear to be a reliable device 
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 In every phase of life, decision making is an extremely important task. To form 
evidence-based decisions, an individual must collect and evaluate data or information 
from various sources. Tests are often used to gather information that is desired (Morrow 
et al., 2011). A test is “a procedure, reaction, or reagent used to identify or characterize a 
substance or constituent” (Merriam-Webster.com, 2019). Testing and measurement are 
important components of many professions. For example, a mechanic working on a car 
needs to assess and identify what is not functioning in the car. The mechanic will 
complete tests on different parts of the machine collecting information to decide where it 
needs to be fixed.  
 In exercise science, testing is used to assess characteristics of athletes/clients’ 
capacities on aspects of physical and mental conditioning. Prior to data collection, 
coaches must identify the purpose of the testing battery. Doing so helps with the selection 
of appropriate tests. Subsequently comparing athletes’ results with previous data (e.g. 
normative data, athletes previous results), will provide meaning to data gathered (Morrow 
et al., 2011). Without reference values, the test may not provide evaluative information. 
In addition, a historical view can be taken such as assessing the effectiveness of an off-
season program on athlete development. Testing can also guide future program direction 
and exercise selection by identifying an athlete’s risk of injury or re-injury (Harman, 
2008).  
A coach must consider the ability of the test to provide adequate information to 
ensure that the test selected collects meaningful data. (Atkinson & Nevill, 1997). 
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Atkinson and Nevill (1997) suggest that a test provides meaningful data when it produces 
valid and reliable information. A test is considered valid when it measures what it was 
intended to measure (Atkinson & Nevill, 1997). Tests are reliable when the results are 
consistent within and between testing sessions for the population being assessed (Weir, 
2005). Multiple factors can affect the strength of a test’s validity or reliability. By 
acknowledging these factors, coaches will be able to select and implement adequate tests 
to assess their players. If a coach fails to do so, incorrect assumptions can be made about 
the athletes’ status or program effectiveness. This in turn can impact future decisions 
made by the coach and overall program effectiveness. 
The production of power is an important component for jumping, change of 
direction and sprint ability in athletes. During a soccer match, the athlete that is faster 
stopping and re-accelerating has a much better opportunity to reach the ball before their 
opponent does. During a basketball game, rebound success can be seen in the player that 
is able to jump the highest. Considering the importance of power to athletic performance, 
coaches invest a great deal of effort into testing and training this attribute in athletes 
(Vescovi & McGuigan, 2008). To measure the power production of an athlete, the total 
amount of force produced during an action over the time taken to complete the action 
needs to be measured (Newton & Kraemer, 1994). One action that can be used to 
measure power production in athletes is the vertical jump (VJ) (Knudson 2009).  
The VJ test is an umbrella term consisting of different types of jumps a coach 
may select to implement with athletes. Jump performance can be assessed by measuring 
an athlete’s squat jump (SJ), countermovement jump (CMJ), and drop jump (DJ) 
(Arteaga et al., 2000; McGuigan, 2016a). The SJ begins with the athlete starting at a 90° 
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knee bend and then maximally extending the hips, knees, and ankles to reach maximum 
height, allowing the coach to measure the concentric power of the athletes (Shalfawi et 
al., 2011). The CMJ is initiated with a quick downward movement immediately followed 
by rapid extension of the lower body (Ebben & Petushek, 2010). When completing the 
CMJ, coaches can test an athlete’s jump performance without the use of their arms, 
countermovement jump without arm swing (CMJ-WOS), or with the use of their arms, 
countermovement jump with arm swing (CMJ-WAS). The DJ is performed by having the 
athlete step off a box of a certain height and jumping vertically upwards as quickly as 
possible following ground contact (Raffalt et al., 2017). Many coaches will utilize the 
CMJ and DJ, because of the opportunity to assess an athlete’s ability to use the stretch-
shorten cycle (SSC) (Lockie et al., 2012; Peng et al., 2019; Risso et al., 2017; Salaj & 
Markovic, 2011; Smirniotou et al., 2008). 
As explained by Knudson (2009), VJ testing has to be a reliable and valid 
assessment of athletic performance. Coaches may use the VJ specifically to identify if a 
meaningful change in power production has occurred following a training intervention 
(Taylor et al., 2010). Taylor and colleagues (2010) suggest a meaningful change to be 
when the results of the test fall outside the expected variation of the test. Thus, before 
meaningful change can be identified, the expected variation within a test needs to be 
established. Raffalt and colleagues (2017) add that variability in testing is different for 
every population (i.e. gender or age), and the results established in one population cannot 
be applied to another.  
When measuring the reliability of the CMJ, studies have shown different 
populations to possess different levels of reliability. Reliability has been observed to be 
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affected by the level of training and/or competition experience of the individual 
(Heishman et al., 2018; Moir et al., 2008; Rodríguez-Rosell et al., 2016; Sattler et al., 
2012). To date, studies have examined the reliability of variables measured under CMJ 
conditions in professional athletes (Rodríguez-Rosell et al., 2016; Sattler et al., 2012), 
NCAA Division I (Heishman et al., 2018), and NCAA Division II athletes (Moir et al., 
2008). To our knowledge research has not looked at the reliability of CMJ variables 
measured in NCAA Division III athletes. Researchers have also compared the differences 
of reliability values in males and females when completing the CMJ. Data shows females 
exhibit higher levels of variability overall when compared to males, but two limitations to 
these studies are that the researchers failed to control for age (Harrison & Gaffney, 2001) 
or for training experience (Nuzzo et al., 2011; Slinde et al., 2008). Furthermore, only two 
studies have examined test reliability of CMJ-WOS and CMJ-WAS, both finding the 
CMJ-WOS to exhibit stronger reliability (Heishman et al., 2018; Slinde et al., 2008). To 
date, research has yet to examine the level of variability in CMJ-WOS and CMJ-WAS in 
NCAA DIII male and female athletes. 
An important note to regarding reliability studies reviewed is that all testing had 
been completed in person. When working with student-athletes there will be times of the 
academic year where athletes will not be at the facilities with their coach for extended 
periods. It would be beneficial for these periods to have a reliable method to remotely 
assess and monitor athlete performance. Of the current research reviewed, none of the 
studies examined the level of reliability of CMJ testing with and without the use of an 
arm swing under remote conditions. 
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Statement of Purpose 
This study aims to examine the reliability of variables measured under remotely 
administered testing of CMJ-WOS and CMJ-WAS conditions in DIII male and female 
collegiate athletes. 
Hypotheses 
1. When comparing jump types, it is hypothesized that CMJ-WOS will exhibit less 
variability than CMJ-WAS 
2. When comparing intersession reliability, it is hypothesized that both jump 
conditions will exhibit strong reliability. 
Assumptions of the Study 
 For this study, the following assumptions were made at the start of the 
investigation: 
1. Participants are representative of trained Division III collegiate varsity athletes 
2. Participants will not be completing a training program with a focus on developing 
power production. 
Definition of Terms 
 The following terms are operationally defined for the purpose of this 
investigation: 
1. Countermovement Jump without Arm Swing (CMJ-WOS): countermovement 
jump initiated with a quick downward movement followed by a propulsive 
upward movement without the aid of an arm swing. 
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2. Countermovement Jump with Arm Swing (CMJ-WAS): countermovement jump 
initiated with a quick downward movement followed by a propulsive upward 
movement with the aid of arm swing. 
3. Neuromuscular fatigue: A decline in force, power, or velocity due to decreased 
performance of the neuromuscular system (Williams & Ratel, 2009). 
4. Stretch-Shorten Cycle (SSC): The utilization of an active pre-stretch or 
lengthening of a muscle, immediately followed by active shortening of the same 
muscle (Strojnik & Komi, 2000) 
5. Validity: The ability of a test to measure what it is intended to (Fraenkel et al., 
2015). 
6. Construct Validity: The degree to which a test is able to correctly assess the 
hypothetical construct that is established (Currell & Jeukendrup, 2013). 
7. Criterion Validity: An objective measure comparing the similarity of a test result 
to results recorded on-an established “gold standard” test (Currell & Jeukendrup, 
2013). 
8. Ecological Validity: The assessment of the test results’ transferability to on the 
field or court performance (Bradshaw et al., 2007) 
9. Reliability: The ability for a test to produce consistent results every time an 
individual is tested (Hopkins, 2000). 
10. Intraday Variability: The variability that occurs due to the body cycling through 
daily processes of low morning performance and maximal activity in the 
afternoon (Sedliak et al., 2008).  
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11. Population Variability: The concept that populations will vary differently on tests 
and the variation seen in one population is not the same as another population. 
12. Biological Variability: Is the variability seen during performance testing due to 
the inability of the neuromuscular system to coordinate in the exact same fashion 
every time. 
13. Movement Time (MT): The duration of time the athlete is on the force plate from 
the start of the jump to the point of take-off. Made up of the weighing, 
unweighting, braking and propulsion phases of the CMJ. 
14. Flight Time (FT): The duration of time the athlete is in the air from the point of 
take-off to the point of landing.  
15. Modified Reactive Strength index (RSImod): A ratio that indicates how high a 
jump is relative to the amount of time it takes to complete (Kipp et al., 2016). The 
score is found using the FT and dividing it by MT.  
16. Impulse (IMP): Measure of the total amount of force multiplied by the total time 
taken during the propulsion phase (Harrison & Gaffney, 2001) 
17. Peak Force (PF): The greatest amount of force produced at any point during the 
propulsion phase of the CMJ. 
18. Rate of Force Development (RFD): The rate of change in force for a specific 
action; the longer the time taken to develop force, the lower the value (McLellan 
et al., 2011) 
Delimitations 
 The delimitations of the study are:  
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1. College-aged female and male varsity athletes from Ithaca College were used as 
participants. 
2. The phone application My Jump 2 was used to measure athletes. 
3. Only MT, FT, JH, and RSImod were measured by the My Jump 2 Application 
Limitations 
 The limitations of the study are: 
1. The results are only generalizable to college-aged male and female varsity 
athletes.  
2. The results may only apply to CMJ-WOS and CMJ-WAS tests. 
3. The measurement variables selected may only indicate performance capabilities 
for the jump tests administered and are not accurate indicators of other types of 
jumps or actual sports skill performance. 
Summary 
Power is a quality that coaches try to track in each of their athletes. The CMJ test 
is used to measure lower body power and provides coaches with the opportunity to assess 
program effectiveness and fatigue daily. Data showing the reliability of variables 
measured under CMJ-WOS and CMJ-WAS conditions is limited. Despite this, the CMJ-
WAS is utilized by many coaches of all levels to assess athletes. This study aims to 
examine the reliability of CMJ-WOS and CMJ-WAS in Division III male and female 
collegiate athletes. It is expected that the results of the study will clarify the reliability of 
performance in the current population of Division III soccer athletes. This information 
could allow coaches to make more accurate assessments and decisions in player and team 
development, increasing skills and abilities of the athletes.  
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Chapter 2 
REVIEW OF LITERATURE 
Introduction 
This study examines the reliability of variables recorded under countermovement 
jump conditions when performed with (CMJ-WAS) and without (CMJ-WOS) the 
inclusion of an arm swing in male and female collegiate athletes. In the literature review, 
reasons why coaches use testing to assess athletes and how the countermovement jump 
(CMJ) can be used for fatigue monitoring are discussed. Next, the importance of specific 
measurement concepts (i.e., validity, reliability) are reviewed. To finish, the 
appropriateness of the CMJ test to assess power and athlete performance are discussed. 
Usefulness of Testing 
  Morrow and colleagues (2011) consider a test to be a tool used to evaluate and 
draw conclusions from the results. Testing is an important part of the support process and 
allows coaches to evaluate athletes’ physical skills, abilities, and characteristics. Strength 
and conditioning coaches will select performance tests that exhibit similarities to the 
movements within the sport. Tests are generally used to evaluate program effectiveness 
and player status (Morrow et al., 2011), identify player talent (Reiman & Manske, 2009), 
and monitor the fatigue of the athlete (Taylor et al., 2010). 
Program and Player Evaluation 
Coaches can compare current results to those of previous athletes from the same 
or different samples (Morrow et al., 2011). Observing the results from the same sample at 
different time-points allows the coach to evaluate the effectiveness of a program and to 
evaluate the need for future changes (Morrow et al., 2011; Reiman & Manske, 2009). 
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Tse, McManus, and Masters (2005) utilized testing to assess the effectiveness of an eight-
week core training program on core endurance and stability tests. After completing a pre- 
and post-test, the researchers found the training program improved participants’ scores in 
the side bridge test compared to the control group, but there was no difference in the 
abdominal fatigue test (Tse et al., 2005). The results allow coaches to assess the strengths 
of a program and to identify where areas of improvements are required for the future.  
Sheppard and Gabbert (2016) describe how testing can take a futuristic point of 
view and help program direction by identifying the size of the adaptation “window” of an 
athlete. They suggest the “window” represents how much room for improvement the 
athlete has and where training is best focused (Sheppard & Gabbert, 2016). Coaches can 
identify the strengths and weaknesses of their athletes, which allows them to focus on 
their athletes’ needs (McGuigan, 2016b; Morrow et al., 2011; Reiman & Manske, 2009; 
Sheppard & Gabbert, 2016). Using Figure 1, assume that an athlete is experienced in 
sprinting, but lacks the desired strength demands of the sport. If the focus of training was 
on sprinting, the improvements experienced by the athlete would be nominal due to being 
near the end of their genetic potential. If the focus of training was on strength instead, the 
athlete would see a larger increase in strength for the same amount of time training. 
Therefore, to see the greatest return of training, the coach should spend time developing 
the strength of the athlete (Sheppard & Gabbert, 2016). If used effectively, testing 
provides coaches the opportunity to evaluate program effectiveness and provide program 




Figure 1. Graph of theoretical training curve. Adapted from “NSCA’s guide to program 
design,” by Jay R. Hoffman, 2012, Champaign, IL: Human Kinetics, p. 25. Copyright by 
National Strength and Conditioning Association. Reprints with permission. 
Identify Player Potential 
Coaches often use performance testing to aid roster selection or place players in 
the best position to help the team (Morrow et al., 2011). Some sports require positional 
specialization and although superior-performance test scores do not guarantee success, it 
helps coaches identify performance potential. The National Football League (NFL) 
combine is a multi-day event used to assess collegiate players potential before deciding 
on whether to draft them for their team or not. Vincent and colleagues (2018) compared 
the NFL combine data of 2005-2010 on-field performance for different positions during 
competitions. The researchers used Pearson’s correlation coefficient to assess the 
relationship between combine data and player positional statistics. For the quarterback 
position, performance in 40-yd dash had the strongest relationship (r = 31 – .51) with on 
field performance (i.e. number of pass attempts, total passing yards, number of rush 
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attempts, total rushing yards and average number of yards per rush attempt). For running 
backs, 40-yd time had a significant relationship (r = -.42 – -.29) with every positional 
statistic examined (i.e. total number of rush attempts, average number of attempts per 
game, total yards rushed, average number of yards per rush attempt, average number of 
yards per game, total number of touchdowns, and longest rush). For wide receiver’s, CMJ 
height was the only test to exhibit a relationship with the average number of yards per 
reception and first down percentage (r = .24 – .25). For linebackers, 40-yd time correlated 
the most (r = -.19 – -.17) with on-the-field performance (i.e. total number of tackles, 
number of solo tackles, and number of sacks). For defensive ends, CMJ height correlated 
(r = .30 – .35) with all four on-the-field performance metrics (i.e. total number of tackles, 
number of solo tackles, number of assisted tackles, and number of sacks). The only 
significant relationship calculated for the defensive tackle position was between the SLJ 
and number of sacks (r = .26); (L. M. Vincent et al., 2018). It is clear from analysis of 
data, that there is no perfect correlation between test and on-field performance. Thus 
performance tests can be used to identify potential, but cannot guarantee success This is 
important especially for new players to the program who lack experience and rely on test 
results to show their abilities and readiness to compete (Harman, 2008).  
Fatigue Monitoring 
When training or competing, the body is exposed to high amounts of stress, 
causing fatigue and acute decreases in performance. If appropriate recovery is allowed, 
the body will adapt/super compensate which will increase resistance to the repeated stress 
and thus enhance performance (Figure 2) (Rountree, 2011). If the athlete is not given 
enough recovery time, the body will remain chronically stressed (Figure 3). This will lead 
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to a decrease in the performance ability of the athlete and will increase risk of injury 
(Richardson et al., 2008; Rountree, 2011). The negative response of the body is due to 
overtraining, which is the body’s failure to adapt and recover to the accumulation of 
training stress (Richardson et al., 2008). The lack of recovery increases injury risk 
because the body cannot handle the volume of training. Overuse injuries such as muscle 
strains or stress fractures often result (Richardson et al., 2008). While, stressing the body 
is necessary to achieve adaptations and to increase performance, coaches are required to 
provide a balance between levels of work and recovery for their athletes (Richardson et 
al., 2008; Rountree, 2011). As individuals adapt and recover at different rates, coaches 
are required to monitor and assess players readiness to maximize adaptations and reduce 





Figure 2. Graph of adaptation phases. Adapted from “The athlete’s guide to recovery 
rest, relax & restore for peak perfromance,” by Sage Rountee, 2011, Boulder, CO: 






Figure 3. Graph of general adaptation syndrome. Adapted from “The athlete’s guide to 
recovery rest, relax & restore for peak perfromance,” by Sage Rountee, 2011, Boulder, 
CO: Velopress, p. 5. Copyright by Sage Rountee. Reprints with Permission. 
Different types of assessments can be used to measure fatigue and monitor 
recovery from previous training. Laboratory tests such as blood lactate tests can be used 
to assess athlete recovery (Rountree, 2011). These tests are expensive to implement and 
require technical expertise. Other tests used are those that observe changes in resting 
heart rate (RHR) or heart rate variability (HRV). Testing RHR allows for an athlete to 
assess if they are in a state of stress (RHR is 10 or more beats per minute higher than 
normal). HRV looks at the variability in the time between heartbeats. A varied HRV 
represents a relaxed state, whereas similar times between beats represents a stressed state. 
While easier to implement than laboratory assessments, measurement of RHR and HRV 
is challenging because they must be taken immediately after waking up (Rountree, 2011). 
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This cannot be accomplished by the coach since they are not present when the athletes 
wake. Therefore, to monitor fatigue a test must be selected that is easy to implement, can 
be completed by the coach before training, and that allows for a whole team to be tested 
quickly. In addition, coaches should select a test that is valid and reliable.  
Measurement Validity and Reliability 
To measure components of athletic performance, a coach must select an 
appropriate test. An appropriate test is one that exhibits strong reliability and validity 
(Figure 4). When selecting a test, coaches must understand that there is always an amount 
of error or variance associated with the test. There are two types of error when assessing 
a test; systematic and random (Brendersen, 2011). A systematic error appears due to poor 
calibration or lack of attention to detail in administering testing protocols (Brendersen, 
2011). These errors are easier to predict and control during testing. Random error is more 
unpredictable and occurs due to natural variation with every test trial (Atkinson & Nevill, 
1997; Brendersen, 2011). Once a coach understands error and the expected variation 







Figure 4. Picture representing the interaction of reliability and validity in tests. Adapted 
from “How to design and evaluate research in education,” by J.R. Fraenkel, N.E. Wallen, 
and H.H. Hyun, 2015, Fourth edition, Boston, MA. Copyright 2014 by McGraw-Hill. 
Reprints with Permission. 
Validity 
A test is considered valid when it correctly measures what it intends to measure 
(Fraenkel et al., 2015; Harman, 2008; Morrow et al., 2011; Reiman & Manske, 2009). 
Tests are also considered valid when they provide useful and meaningful results for the 
coach (Fraenkel et al., 2015). In order to assess the validity of a test, there are three 
aspects that should be measured; criterion, construct, and ecological validity (Castagna et 
al., 2018; Currell & Jeukendrup, 2013; Fraenkel et al., 2015; Harman, 2008; Morrow et 
al., 2011). 
Criterion validity. Criterion validity objectively compares the results of a test to 
an established “gold standard” or criterion measure (Currell & Jeukendrup, 2013). Some 
lab-based tests are proven as the “gold standard”, but are not always practical for use with 




2008; Morrow et al., 2011). Coaches, therefore, use more convenient field-based tests to 
assess their teams. To ensure these portable tests are usable and valid, criterion validity 
assessments are completed comparing field- to lab-based tests. If available ,the athlete’s 
measurement are taken by both tests at the same time (Currell & Jeukendrup, 2013; 
Fraenkel et al., 2015; Harman, 2008; Morrow et al., 2011). Criterion validity can assess 
different aspects of validity in a test, with Hopkins (2000) claiming the most important 
assessment is concurrent validity. Concurrent validity compares the results of two or 
more tests at the same time, with one of the tests being the “gold standard” (Currell & 
Jeukendrup, 2013; Fraenkel et al., 2015; Harman, 2008; Morrow et al., 2011). The 
similarity of results between the field-based test and the criterion measure identifies the 
validity of the field-based test. 
Construct validity. Construct validity is the degree to which a test is able to 
correctly assess the hypothetical construct (Currell & Jeukendrup, 2013). Every test looks 
to measure a hypothetical construct—the better a test is at identifying the construct the 
stronger the validity of the test (Currell & Jeukendrup, 2013; Fraenkel et al., 2015; 
Harman, 2008). Currell and Jeukendrup (2013) explain the results of a test with strong 
construct validity can differentiate between the performance capabilities of a professional 
and amateur cyclist. If a coach selects a test with poor construct validity and relies on it 
for player selection, the coach may not be selecting the best of the group. To successfully 
test current or potential players’ skills and abilities, strong construct validity is required 
for a test. 
Ecological validity. Ecological validity is the transferability of a test’s results to 
on-field or court performance (Bradshaw et al., 2007). Ensuring ecological validity of a 
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test allows a coach to identify the extent to which the results will transfer to on-field 
performance. Castagna and colleagues (2018) conducted a study to assess the ecological 
validity of the Yo-Yo intermittent recovery test level one (YYIRT1) to the intensity of 9 
versus 9 small-sided games in young male soccer players (age: 11.1 ± 0.9 years). The 
authors reported large associations for distances covered at speeds greater than 18km.h-1 
(r = .65) and within-match play, and between high intensity distances with a metabolic 
power greater than or equal to 20 watts.kg-1 (r = .68). A very large association was also 
calculated for high intensity activity (r = .73) between the YYIRT1 and match play 
(Castagna et al., 2018). These results show that the YYIRT1 exhibits strong ecological 
validity in soccer athletes.  
Aside from measuring movement patterns and the energy systems of the athlete, 
the coach must also be aware of the economics of the test. While some tests are high in 
validity, it may not be possible for the coach to implement the test due to time, finances, 
and execution requirements. For example, the “gold standard” test of aerobic capacity is 
measuring the maximal oxygen uptake (VO2 max) while on the treadmill (Martínez-
Lagunas & Hartmann, 2014). Although high in validity, the test requires expensive 
equipment and requires the tester possess particular technical expertise. If a coach does 
not have the necessary equipment and skill levels to complete the test, it loses its validity. 
Coaches can use valid field-based tests, such as the YYIRT1, in place of testing on the 
treadmill. Although it is not as valid as the VO2 max test, it is a suitable replacement to 
assess soccer specific endurance ability (Castagna et al., 2006). The YYIRT1 allows 
coaches to complete team testing much quicker and is much cheaper to implement than 




Reliability represents the consistency of measurement of the test or the absence of 
error due to poor measurement procedures (Atkinson & Nevill, 1997). A test is 
considered to have strong reliability when it consistently produces similar results over 
multiple trials (Fraenkel et al., 2015; Harman, 2008; Hopkins, 2000; Hopkins et al., 2001; 
Morrow et al., 2011; Reiman & Manske, 2009). Currell and Jeukendrup (2013) explain 
that reliability is important to provide information on the variation involved with the test. 
By understanding the level of the variation that is expected within each test, the coach 
can identify if results are due to error in the test or if a change has occurred within their 
athletes. When measuring reliability, different factors can affect variability. The main 
factors coaches must be aware of are the effects of the circadian rhythm (Sedliak et al., 
2008), biological variability (Bradshaw et al., 2007), and the populations being studied 
(Doré et al., 2005).  
Circadian rhythm. The body’s biological processes vary throughout the day. The 
variation is found to impact neuromuscular performance within the same day. Sedliak 
and colleagues (2008) examined variation in power output between two consecutive days 
at different times of day (7:00 am, 12:00 pm, 5:00 pm, 8:30 pm). Participants completed 
three jumps using 60% of their one repetition maximal back squat weight. The authors 
reported no significant difference in power output between the two consecutive days at 
the same time of day. However, power output was significantly lower (p < .05) at 7:00 
am of day 1 (637.7 ± 124.2 W) and the remaining test times of day 1 (mean = 667.1 – 
673.7W). Power output was significantly lower (p < .05) on day 2 at 7:00 am (mean = 
649.4 ± 128.4 W) than at 12:00pm (mean = 681.3 ± 126.2 W) and 8:30pm (mean = 676.9 
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± 115.4 W) (Sedliak et al., 2008). The work of Sedliak and colleagues (2008) has been 
supported by Taylor and colleagues (2010) who found power produced during a loaded 
jump squat was larger in the afternoon compared to the morning (meanam = 5457 ± 453 
W, meanpm = 5719 ± 424 W). Sedliak and colleagues (2008) showed that the largest 
power output occurred during the 12:00pm testing sessions relative to other times tested. 
Castaingts, Martin, Hoecke, and Pérot (2004) hypothesize the improvement is due to the 
increase in neuronal activity and enhancement of the contractile property of muscles. 
Other studies support power output improved due to enhanced muscle contraction 
response, but neuronal firing does not change throughout the day (Guette et al., 2005; 
Martin et al., 1999; Nicolas et al., 2005). Although scientists are unclear as to the reason 
for intra-day changes in strength and power, coaches should complete testing at the same 
time of day every time to maintain high reliability.  
Biological variability. Biological variability plays a very impactful role in 
performance testing. Hopkins, Hawley, and Burke (1999) describe how sprinting requires 
high neuromuscular firing rates as well as efficient coordination of muscle contraction. 
Due to the high coordination and timing of events to occur simultaneously, it is very 
unlikely that performance will be the same every time (Hopkins et al, 1999). Bradshaw 
and colleagues (2007) considered the biological variation seen in different aspects of 
sprint performance. The biological variation was represented as the biological 
coefficients of variation (CV), which was calculated by finding the standard error of 
measurement (SEM) and subtracting it from the total CV. The biological CV seen in 
participants’ best 10 m sprint ranged from .12 to .97% (Bradshaw et al., 2007). While the 
percentage of variation due to biological variability may seem low, the effect it has on 
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performance may be the difference between a first-place finish and placing outside the 
podium. Since one can expect a range of values instead of the same score every time, the 
expected range must be established. With the established range, coaches can then 
correctly identify if an athlete’s test result is due to a change in performance or just the 
variability of the test. Therefore, coaches must account for biological variability during 
testing to assess the true capability of the athletes’ performance. 
Population variability. When coaches select a test, they must be aware of the 
demographics of the athletes. The variation of results from one population does not 
guarantee the same variation to be seen in a different population. A study by Ehlertand 
colleagues (2019) observed the variability between male and female goalkeepers in a 
goalkeeper specific YYIRT1 test. Comparing the results of two tests, the researchers 
presented the variability in both genders in the form of CV. The CV value is considered 
to represent the population’s standard deviation from the calculated mean, representing 
the variation that is found within the population. The CV is measured as a percentage, 
with smaller variation represented by a value closer to 0 (Hopkins et al., 2001). Ehlert 
and colleagues (2019) showed males (CV = 5.82%) had less variability than females (CV 
= 9.6%) in scores of the YYIRT1 test. If the researcher only tested female goalkeepers 
and applied the results to the male goalkeepers, then an inappropriate assumption would 
have been made for the change or lack of change in the athletes’ abilities. The results 
showing differences in variability between genders are backed by Ribeiro and colleagues 
(2014). The authors assessed the reliability of a one-repetition maximum bench press 
across two different sessions. It was observed that females (CV = 5.6%) had better 
reliability than males (CV = 6.5%) in the bench press (Ribeiro et al., 2014). The data from 
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these studies show that the amount of variability during testing changes based on the 
population that is being measured. Therefore, for a coach to evaluate change in a group of 
athletes, the expected variability for that population must be established.  
Measuring reliability. To assess the reliability of a test, multiple trials must be 
completed comparing the scores together. Hopkins (2000) describes comparisons of 
repeated measurement as retest correlation. Coaches can calculate the intraclass 
correlation (ICC) to measure retest correlation, which assesses the relative reliability of 
the test. ICC values range from 0 to 1, with similar results and less variation represented 
as a value closer to 1 (Hopkins, 2000; W. J. Vincent & Weir, 2012). A limitation to 
calculating the ICC  is that the values produced only provide the ability to compare the 
reliability results within that study (W. J. Vincent & Weir, 2012; Weir, 2005). For 
reliability and variability of a test to be compared across different studies, the SEM must 
be found.  
The SEM of a test estimates the absolute reliability of the test and provides a 
result range that should be expected to occur due to error (Fraenkel et al., 2015; Morrow 
et al., 2011; W. J. Vincent & Weir, 2012). Although the SEM can be calculated as its 
own variable, it can also be presented as the percent error expressed as a CV (Hopkins et 
al., 2001). The CV represents the relative standard deviation of the entire sample, with 
less deviation from the sample mean represented as a percentage closer to 0. Once the 
expected variation of a test is identified, the coach can accurately assess the performance 
of their athletes and compare results to previous tests. If the new results fall within the 
expected variation, then the coach cannot differentiate if the change in score is due to test 
error or some extrinsic factor. If the scores fall outside the range of expected variation, 
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the coach can safely suggest a change has occurred and can begin to interpret the reasons 
for the changes seen.  
When selecting a test, coaches must identify an appropriate test to assess their 
athletes. Therefore, a test must have strong validity, reliability, and measure the desired 
sport characteristic that is being assessed. 
Assessing Power 
A fundamental characteristic seen across all sports is the ability to generate 
power. Thus assessing power is critical for the evaluation of athletic capacity and 
performance (Brown & Weir, 2001; Haff & Nimphius, 2012). Power is the measurement 
of the rate of change of work. It is calculated as the scalar product of force and velocity 
(Newton & Kraemer, 1994). High Power output requires one to produce a large amount 
of force in a short amount of time. At slow velocities, even with high force, power is sub 
optimal (Figure 5). Contrarily, at fast velocities, force output is low and again power is 
again sub-optimal. Many sports require athletes to produce a large amount of force very 
quickly to be successful in activities such as sprint acceleration and jumping (Haff & 
Nimphius, 2012). Athletes that produce the most power have a better chance of 
outrunning or outjumping their competition to the setpoint or ball / puck giving them a 
greater advantage to win (Alemdaroğlu, 2012; Comfort et al., 2013; Cronin & Hansen, 
2005). Power can be assessed using a vertical jump, standing long jump, and any of the 




Figure 5. Force-velocity curve (dotted and dashed line) with power curve (dotted line). 
Adapted from “Training Principles for Power,” by G.G. Haff and S. Nimphius, 2012, 
Strength and Conditioning Journal, 34(6), p. 7. Copyright 2012 by the National Strength 
and Conditioning Association. Reprint with Permission. 
The CMJ is a test that is quick and easy to complete with an entire team requiring 
minimal technical expertise. Due to the coordination and force production from the legs, 
the CMJ can be used to measure lower body power production (Bui et al., 2015; Klavora, 
2000; López-Segovia et al., 2011; Risso et al., 2017; Rodríguez-Rosell et al., 2016; Ziv & 
Lidor, 2010). CMJ-WOS is a more valid measure for lower body power because of leg 
isolation (Heishman et al., 2018). Leg isolation is accomplished by requiring jumps be 
completed with hands placed on the hips. Coaches select CMJ-WAS, though, due to the 
sport specificity of the test (Heishman et al., 2018). In sports such as basketball and 
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volleyball, testing CMJ-WAS has stronger ecological validity for assessing athletic 
performance and readiness for competition (Sattler et al., 2012; Ziv & Lidor, 2010). In 
two studies that assessed JH between CMJ-WOS and CMJ-WAS, a difference of 4 – 7.5 
cm in height was measured with CMJ-WAS producing a higher value. 
Athletes’ CMJ performance can be measured using a variety of technologies / 
equipment including a Vertec, Akabalov’s belt test, switch mats, and force plates 
(Klavora, 2000). The most common devices used are force plates (Klavora, 2000; 
Markovic et al., 2004; Slinde et al., 2008). When measuring VJ performance, force plates 
have been recognized as the “gold standard” (Bui et al., 2015; Kenny et al., 2012), 
providing the opportunity to measure multiple variables of the athlete’s jump (Aragón-
Vargas, 2000; Cormack, Newton, McGuigan, et al., 2008; Floria et al., 2014; Klavora, 
2000; Moir et al., 2005; Nibali et al., 2015). Force plates allow coaches to calculate JH by 
measuring flight time (FT) or impulse (Cormacket al., 2008; Heishman et al., 2018). (See 





Where g represents acceleration due to gravity (i.e. 9.81m.s-2). Force plates also allow 
coaches to measure the PF of the jump which is the maximum amount of force produced 
during the concentric phase (Cormack, Newton, McGuigan, & Doyle, 2008; Heishman et 
al., 2018; Taylor et al., 2010). Along with maximum force, the athlete’s impulse (IMP) 
can be found which is the product of average force and time (Heishman et al., 2018; 
Taylor et al., 2010). JH can also be found with impulse using the impulse-momentum 
theorem, which has been deemed the ‘gold standard” to measure JH in previous studies 
(Heishman et al., 2018) Using force plates also provides the ability to measure the rate of 
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force development (RFD), which is the rate at which force is developed (Laffaye et al., 
2014). While extremely effective, lab-based force plates are not used often by coaches 
due to the cost of the device and the technical expertise required to operate them. 
Therefore, coaches use switch mats to calculate JH by measuring the FT of the athlete 
(Klavora, 2000). Due to the reliance on switch mats to measure CMJ performance, 
coaches need to ensure that these are an appropriate device to use. 
To ensure the accuracy of switch mats, studies have measured the criterion 
validity of switch mats to measure JH. Kenny and colleagues (2012) examined the 
criterion validity of switch mats when compared to the use of force plates to measure JH 
in CMJ-WOS. The authors showed a strong correlation (r = .996) between JH records 
achieved from the switch mat relative to force plates (Kenny et al., 2012). Similarly, 
Buckthorpe, Morris, and Folland (2012) showed strong criterion validity (r = .90) for JH 
measured under CMJ-WAS conditions using switch mats when compared to force plates. 
The support from these studies shows that switch mats are an acceptable device to use in 
place of force plates when measuring CMJ height. Deeming them appropriate to measure 
the variability with each athlete the coach is testing.  
Jump Performance to Monitor Fatigue 
When the lower body reaches a fatigued state, one skill that is seen to be affected 
is jump performance. When jumping, the body relies on the activation and coordination 
of the neuromuscular system (Cormack et al., 2008; Markovic et al., 2004; Sedliak et al., 
2008; Taylor et al., 2010). In a fatigued state, the neuromuscular system has been 
observed to perform poorly and can be seen in decreased jump height of athletes 
(Andersson et al., 2008). Ronglan and colleagues (2006) assessed changes in CMJ 
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performance of elite handball players before and after a training session. The study 
reported a significant decrease (6%, p < .05) in JH following the training session 
(Ronglan et al., 2006). Anderson and colleagues (2008) and Ronglan and colleagues 
(2006), both showed that JH decreased significantly when athletes completed high-
intensity sessions on consecutive days, suggesting the need for longer recovery times 
before training again.  
While the data provided by Andersson and colleagues (2008) and Ronglan and 
colleagues (2006) support the use of JH to monitor fatigue, more recent research suggests 
that JH may not be an appropriate indicator of fatigue (Cormack et al., 2008; Talpey et 
al., 2019). Cormackand colleagues (2008) showed no change throughout in CMJ height 
in 22 Australian Rules football players when tested pre- and post-matches. Data showed 
that mean power and mean force measured decreased substantially post-match (Cormack, 
Newton, & McGuigan, 2008). Similarly, Talpey and colleagues (2019) studied the 
training readiness of Yale’s men’s lacrosse program and found that there was a 
significant decrease in relative peak force (PF) (8.6%) from the start of the season to the 
end of the season. Along with relative PF, jump variables of relative peak power (PP), 
average velocity, and total IMP decreased over the course of the season. JH was also 
measured over the same period and was found to have increased at the end of the season. 
These results suggest that the athletes changed their jump kinematics in order to jump 
higher at the end of the season although they were considered to have neuromuscular 
fatigue. These studies propose the idea that in a fatigued state, an athlete can achieve the 
same CMJ height by altering the kinematics of their jumps. Therefore, to properly assess 
fatigue coaches should measure different variables of the CMJ and not limit themselves 
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to only JH. To do so effectively, coaches need to accurately measure the jump 
performance of their athletes in order to make appropriate assessments on their player 
readiness.  
To measure the different jump variables of an athlete, force plates are required to 
measure the force-time curve of the CMJ. The force-time curve described by McMahon, 
Suchomel, Lake, and Comfort (2018) can be divided into six phases (Figure 6). The first 
phase, weighing, is used to establish the starting force and to ensure the athlete begins 
from a standstill. Phase two is the unweighting phase, which begins with the initiation of 
the CMJ and finishes when the plates measure the athlete’s return to the starting force. 
The third phase, braking, occurs as the force rises above the starting force due to the 
immediate deceleration of the athlete’s center of mass from the unweighting phase. This 
phase makes up the eccentric portion of the stretch-shorten cycle. The fourth phase is the 
propulsion phase, or concentric phase, of the CMJ, where the athlete applies force to 
reaccelerate the body, extending their knees, hips, and ankles to jump off the force plates. 
The closer the propulsion phase is to the braking phase; the less energy is lost during the 
amortization of the jump. This is important to identify because future testing to monitor 
fatigue allows for coaches to understand the state of their athletes. Talpey and colleagues 
(2019) describe that in a fatigued state a longer amount of time is taken to complete the 
jump, allowing for more force to be created. This allows the athlete to reach the same JH 
that they would have reached in a rested state. The fifth phase, flight, is the period the 
athlete is no longer on the force plate and measures a force of zero. In the last phase, 
landing, the plates measure the applied forces to stop the downward velocity of the 




Figure 6. Force-time curve of CMJ measured on force plates represented by red line. 
Reliability of CMJ Testing 
Considering the frequent use of the CMJ to assess athletes, multiple studies have 
examined the reliability of the test. Heishman and colleagues (2018), studied the test-
retest reliability of CMJ-WOS in 22 (male n = 14; female n = 8) NCAA Division I 
basketball players and found an ICC of .93 when measuring JH between days. The 
smallest worthwhile change (SWC) was also provided, .018 cm. The SWC is similar to 
the SEM by representing the amount of change required for the coach to safely assume 
the changes in results are not due to test error. Kenny and colleagues (2012) support this, 
reporting an ICC value of .99 for JH when measuring ten university aged males with 
varied participation in sports and training. A number of studies are in agreement with 
both studies that CMJ-WOS is a reliable test to measure lower body power (Markovic et 
al., 2004; Moir et al., 2004, 2008; Nuzzo et al., 2011; Rodríguez-Rosell et al., 2016; 
Slinde et al., 2008). Comparing the differences between the two studies, Kenny and 
colleagues (2012) calculated larger variation (CV = 28.1%) than Heishman and 
colleagues (2018) (CV = 5.1%). Suggesting more research is required in test variability to 
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establish the SEM. Studies have also found the CMJ-WAS test to be a reliable tool in 
measuring jump performance. In the same study by Heishman and colleagues (2018), 
participants also completed the CMJ-WAS and found an ICC value of .93 and SWC of 
.018 m (Heishman et al., 2018). These findings are reinforced by previous studies that 
found strong reliability in CMJ-WAS testing when measuring JH (Sattler et al., 2012; 
Slinde et al., 2008). Sattler and colleagues (2012) measured JH in 93 male volleyball 
players and observed less variability (CV = 2.6%) than Heishman and colleagues (2018) 
(CV = 5.1%). The results suggest the variability in CMJ-WAS also must be established 
for each population. While both types of CMJ are reliable tests, coaches must be aware of 
the variability in testing and the factors that affect it to appropriately assess their team. 
Coaches across all sports and levels may implement CMJ testing to assess 
players. Due to its wide use, different populations have been observed to produce 
different results of reliability for a test. Shown by Harrison and Gaffney (2001), age may 
impact the reliability of CMJ testing. The authors measured take-off velocity in 22 
children and 20 adults and used the data to calculate the variation in children (CV = 
187.8%) and adults (CV = 88.3%). Data showed that children exhibit greater variability in 
jump performance than adults. The findings of Harrison and Gaffney (2001) are 
supported by Floria and colleagues (2014) who studied the amount of force produced by 
female adults and children in CMJ-WOS. The researchers found children (CV = 8.8 ± 
4.1%) exhibited greater variability than adults (CV = 6.4 ± 3.7%), this is also supported 
by Raffalt, Alkjær, and Simonsen, (2017) who showed children (CV = 10.10 ± 1.4%) had 
greater (p < .001) variability in JH than adults (CV = 5.35 ± 0.75%). The same study 
measured the variability in JH when completing a CMJ-WAS, finding children (CV = 
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11.5 ± 4.9%) had a significantly larger (p < .05) variation in results than the adults (CV = 
6.9 ± 4.4%) (Floria et al., 2014). Research has also shown that an athlete’s sport can 
affect the reliability of the test. Rodríguez-Rosell and colleagues (2016) studied the 
reliability of CMJ-WOS in 127 male soccer players and 59 male basketball players across 
three different age groups; under-15 (u15), under-18 (u18) and adults. Comparing the 
data between sports at the same age, JH reliability and/or variability was different for u15 
(Soccer: ICC = .990, CV = 2.60%; Basketball: ICC = .992, CV = 2.30%), u18 (Soccer: 
ICC = .989, CV = 2.30%; Basketball: ICC = .992, CV = 2.70%), and adults (Soccer: ICC 
= .995, CV = 1.61%; Basketball: ICC = .995, CV = 2.15%) (Rodríguez-Rosell et al., 
2016). 
When comparing different genders in CMJ, researchers have observed conflicting 
results of reliability. Nuzzo and colleagues (2011) examined the reliability of CMJ-WOS 
height between university-aged males (n = 40) and females (n = 39). Data showed that, 
females had better reliability (ICC = 0.92, SEM = 1.7, CV = 4.4) than males (ICC = 0.82, 
SEM = 3.6, CV = 3.3) (Nuzzo et al., 2011). Moir and colleagues (2008), however, found 
the opposite to be true for reliability in JH measuring CMJ-WOS in thirty-male and 
thirty-five female football, volleyball, basketball, and track and field athletes (Male: ICC 
= .87 – .96, CV = 4.0 – 5.6; Female: ICC = .87 – .94, CV = 4.4 – 6.6). The data observed 
by Moir and colleagues (2008) are backed by the same study by Harrison and Gaffney 
(2001). The authors calculated the variation in take-off velocity in ten university-aged 
males (CV = 50%) and twelve university-aged females (CV = 121.6%). When completing 
CMJ-WAS, research on variability between genders is more limited. From the research 
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reviewed, Slinde and colleagues (2008) were the only ones to compare the difference of 
reliability in seventeen males (ICC = .88) and thirteen females (ICC = .82) of varying age. 
Reviewing previous reliability data, all studies completed testing in person. When 
working with collegiate athletes, there are periods throughout the year where athletes will 
not be on campus to work with their coaches. Therefore, it would be beneficial to assess 
athletes during periods of break from the semester. The phone application My Jump 2 
(Version 1.0, Carlos Balsalobre-Fernández) provides the opportunity for coaches to 
complete remote assessments. My Jump 2 has been shown to have strong intra and 
interday reliability, however none of these studies used the phone application in a remote 
environment. Previous studies have looked at the reliability of the phone application 
assessing intraday (Balsalobre-Fernández, Glaister, & Lockey, 2015; Cruvinel-Cabral, 
Oliveira-Silva, Medeiros, Claudino, Jiménez-Reyes, & Boullosa, 2018; Gallardo-Fuentes 
et al., 2016), interday (Gallardo-Fuentes et al., 2016), and interrater (Balsalobre-
Fernández et al., 2015; Coswig et al., 2019) reliability. For all three variables measured, 
the application was found to be a reliable measure of jump performance. The only study 
to measure interday reliability was Gallardo-Fuentes and colleagues (2016), where they 
assessed the CMJ-WOS condition in male (n = 14) and female (n = 7) track athletes 
separately and together. Pearson’s product moment correlation coefficient (r) was 
calculated for the male athletes (r = .93), female athletes (r = .86), and the whole group 
(r= .95) (Gallardo-Fuentes et al., 2016). One important acknowledgment from this study 
is that testing was completed with the rater and the individual together. Providing the 
opportunity for the instructor to provide instruction and feedback immediately ensuring 
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proper jump technique every time. Therefore, research is required on the reliability of the 
phone application when completed remotely with the coach and athlete separated. 
Summary 
Coaches rely on performance test results to make accurate and informed decisions 
on both players and programs. The information gathered is important especially if used to 
monitor fatigue. When monitoring lower body fatigue, power output is negatively 
affected by fatigue (Cormack, Newton, & McGuigan, 2008). The CMJ has been shown to 
be an appropriate test to asses lower body fatigue due to its quickness and minimal 
technical expertise required (Andersson et al., 2008; Cormack, Newton, & McGuigan, 
2008; Ronglan et al., 2006). To accurately assess athletes, the expected range of results 
on a single test session should be established. Different factors affect the reliability of the 
test, specifically between populations. Reviewing the literature, studies have shown that 
age, gender, and sport all appear to impact the reliability of the CMJ test (Floria et al., 
2014; Harrison & Gaffney, 2001; Moir et al., 2008; Nuzzo et al., 2011; Raffalt et al., 
2017; Rodríguez-Rosell et al., 2016; Slinde et al., 2008). Reviewing Rodríguez-Rosell 
and colleagues (2016) data, reliability appears to be impacted by age when activity level 
and gender are similar for the entire sample. The authors also show the activity level of 
the athletes affects the reliability when gender and age remain consistent (Rodríguez-
Rosell et al., 2016). Of the studies researched comparing gender, the sample age or levels 
of physical activity were not consistent throughout, which could have influenced the 
results of CMJ reliability (Harrison & Gaffney, 2001; Moir et al., 2008; Nuzzo et al., 
2011; Slinde et al., 2008). To support gender as a factor to affect reliability, further 
research is required when sample age and physical activity levels remain consistent. 
35 
 
Of the data reviewed, the CMJ reliability with and without the use of arm swing 
does not appear to be established when comparing male and female Dvision III athletes. 
Maintaining age and physical activity levels of both groups will help identify the impact 
gender has on the reliability of CMJ testing and further CMJ research in collegiate 
athletes. The study will also identify if coaches need to establish the reliability of the 
sample they work with before making assessments. Therefore, the purpose of the current 
study is to compare the difference in reliability between remotely administered CMJ-
WOS and CMJ-WAS in university-aged males and females competing in Division III 
athletics. It is hypothesized that the CMJ-WOS condition will exhibit less variability than  
the CMJ-WAS when comparing jump conditions. When comparing intersession 




This chapter describes the methods of data collection and analysis for examining 
MT, FT, JH, and modified reactive strength index (RSImod) for CMJ-WOS and CMJ-
WAS. The methods section identifies participant characteristics along with experimental 
procedures and the statistical analysis procedures employed.  
Participant Characteristics 
Three male (age = 18.33 ± .58 years; height = 1.79 ± .09 meters; mass = 78.32 ± 
11.71 kilograms) and five female (age = 19.60 ± 1.52 years; height = 1.70 ± .05 meters; 
mass = 67.49 ± 4.84 kilograms) members of Ithaca College athletics were recruited to 
participate. The participants were members of the men and women’s soccer, field hockey, 
baseball teams as well as members of strength and conditioning. Participants were excluded 
from participating if they had a pre-existing injury that resulted in missed training for 
consecutive days in the prior three months. Participants provided informed consent 
(Appendix A) and to complete a Health Screening Questionnaire (Appendix B) prior to 
participation. 
A power analysis was conducted using R (v3.6.2; Lucent Technologies, United 
States) clarified that a sample size of 22 per group was required for ICC calculations, using 
an ICC value of .83 and a power level of .8 when alpha was set at .05. The ICC value was 
chosen from the calculation of the lower bound value of the 95% confidence interval (CI) 
of the average ICC values observed in previous studies (Heishman et al., 2018; Kenny et 
al., 2012; Markovic et al., 2004; Moir et al., 2004, 2008; Nuzzo et al., 2011; Rodríguez-
Rosell et al., 2016; Slinde et al., 2008). Due to the early termination of in-person classes 
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because of the Coronavirus pandemic (COVID-19), participants particpated remotely. 
After reaching out to all sports teams, only 8 participants responded to participate in the 
study. 
Experimental Procedures 
Participants completed two testing sessions (Day 1 and 2) with three to seven 
days separating each session. The procedure was the same for Days 1 and 2.  
Following a standardized warm-up, participants completed six randomized CMJ, 
3 without (CMJ-WOS) and 3 with (CMJ-WAS). For all six jumps, the procedures of 
Heishman et al. (2018) were followed with participants beginning each jump standing tall 
and feet shoulder-width apart. Instructions on how to complete both types of jumps were 
explained using videos uploaded onto YouTube (Google, LLC, USA) for participants to 
view. Participants were instructed to initiate the jump with a quick countermovement to a 
self-selected depth, followed by a maximum effort jump to reach maximal height. 
Participants were instructed to maintain extension during the flight phase of the jump and 
to land in an athletic position staying on the mat. Completing the CMJ-WOS, participants 
were required to perform the CMJ with arms akimbo. Completing the CMJ-WAS, 
participants were instructed to complete arm swing to their comfort. Participants were 
asked to repeat trials if they flexed their knees or hips in the air, or did not stick the 
landing. Participants were also instructed to repeat trials if the hands came off the hips at 
any point during the CMJ-WOS trials. Participants were given three minutes recovery 




All jumps were recorded by participants’ personal phones and shared with the 
research team through Google drive (Google, LLC, USA) To record videos, participants 
placed their phone perpendicular to the ground at a distance of 1.5 meters from their toes. 
Using the phone’s rearview camera, videos were recorded in the frontal plane with the 
phone positioned in landscape view. MT and FT were measured for both jump conditions 
using the mobile application My Jump 2 on a Samsung Galaxy S7 (Samsung Electronics, 
South Korea). The app was used to identify the moment the hips begin to bend to start the 
countermovement (initiation), when both feet leave the ground (take-off), and the 
moment contact is reestablished with the ground (landing) through observation of the 
participants’ videos of jumps (Balsalobre-Fernández et al., 2015). The app calculates MT 
by calculating the time between initiation and take-off. FT was found by calculating the 
time between take-off and landing. JH was calculated from the following formula 





Where 𝑔 represents acceleration due to gravity, 9.81m.s-2. The app calculated the RSImod 
using MT and FT: 






All quantitative measures were expressed as means and standard deviations and 
were assessed for normality using z-scores for skewness and kurtosis. A two-by-two 
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analysis of variance was conducted in JASP (Version 0.12.2, Netherlands, 2020) to 
analyze differences between CMJ-WOS and CMJ-WAS and between days for all 
variables measured. Post-hoc analysis along with calculations of ICC two-way random 
effects of absolute agreement with multiple measurements (ICC(2,k)) and 95% CI assessed 
the relative reliability of all the variables for day 1 and day 2. The CV was calculated to 
assess the absolute reliability. (See equation, Atkinson & Nevill, 1997)  
Coefficent of Variation =  
Standard Deviation
Mean
 x 100 
The indices of reliability for all variables were considered strong if there was no 
significant difference between the two days of testing, an ICC value of .80 or higher was 
recorded, the ICCLower was above .60 and the CV was less than or equal to 10% (Joseph et 
al., 2013). Variables were considered moderate if only one of these standards were not 
met. If a variable only met two of the standards, the reliability index was considered 





This chapter details results comparing jump performance between CMJ-WOS and 
CMJ-WAS. The jump performance for each jump condition between day 1 and day 2 is 
also compared. Statistical analyses of MT, FT, JH and RSImod are presented. All variables 
are expressed as sample means. Raw data can be found in Appendix C and D. 
Table 1 shows mean (± SD) MT, FT, JH, and RSImod recorded under CMJ-WOS 
and CMJ-WAS during Day 1 and Day 2. Data showed no significant interaction effect or 
main effect for MT, JH, and RSImod between jump conditions and test days. For FT, no 
significant interaction effect and main effect between test days was calculated. The FT 
for the CMJ-WAS condition was significantly larger than the CMJ-WOS condition (F(1,7) 
= 7.683, p < .05, ƞp
2 = .523). Post-hoc analysis showed no significant difference between 
test days in either jump condition for all variables. 
Table 1 
Descriptive Statistics for both jump types Day 1 and 2 averages 
 
 CMJ-WOS  CMJ-WAS 
 Day 1  Day 2 
 
Day 1  Day 2 
Variable Mean ± SD  Mean ± SD Mean ± SD 
 
Mean ± SD 
MT (s) .97 ± .17  .92 ± .16  .94 ± .07 
 
1.05 ± .16 
FT (s) .44 ± .05  .43 ± .06  .48 ± .07  .54 ± .16 
JH (m) .24 ± .06  .23 ± .06  .29 ± .09  .45 ± .41 
RSImod .47 ± .09  .47 ± .09  .55 ± .21 
 
.56 ± .16 
Note. MT  =  movement time. FT  =  flight time. JH  =  jump height. RSImod  =  modified reactive strength 
index.  
 
Table 2 shows results of the reliability analysis for the CMJ-WOS condition. All 
variables, excluding RSImod, showed an ICC of .80 or higher. The lower bound of the 
95% CI for all variables were below .60 and all CV values were above 10%. Taken 
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together, MT, FT, and JH variables demonstrated weak reliability. Further, RSImod 
exhibited a poor reliability index (ICC ≤ .8, ICCLower ≤ .00, CV > 10%) between testing 
time points under CMJ-WOS conditions.  
Table 2 





ICC 95% Confidence Interval % Δ CV (%) Index 
Jump Variable Lower Bound Upper Bound   
 
MT (s) .893 .520 .978 -4.28 17.62 Weak 
FT (s) .827 .166 .965 -2.90 12.38 Weak 
JH (m) .846 .290 .969 -5.42 25.07 Weak 
RSImod .785 -.226 .958
 .52 18.55 Poor 
Note. MT  =  movement time. FT  =  flight time. JH  =  jump height. RSImod  =  modified reactive strength 
index. Δ  =  mean day 2- mean day 1. ICC  =  intraclass correlation coefficient. CV  =  coefficient of 
variation. 
 
Table 3 shows results of the reliability analysis for the CMJ-WOS condition. All 
jump variables measured exhibited ICCs less than .80. Additionally, all four variables 
measured had ICCLower values below .60. As with the CMJ-WOS, the CV value for all 
variables was above 10%. Thus, MT, FT, JH, and RSImod all exhibited poor reliability 
indices between testing times under CMJ-WAS conditions. 
Table 3 





ICC 95% Confidence Interval 
% Δ 
CV 
(%) Index Jump Variable Lower Bound Upper Bound 
MT (s) .793 .116 .957 11.50 11.45 Poor 
FT (s) .096 -4.255 .779 13.83 22.21 Poor 
JH (m) .178 -4.762 .763 57.49 67.49 Poor 
RSImod .799 -.128 .961 1.22 32.99 Poor 
Note. MT  =  movement time. FT  =  flight time. JH  =  jump height. RSImod  =  modified reactive strength 





 The purpose of this study was to examine the reliability of variables measured 
under remotely administered CMJ-WOS and CMJ-WAS conditions in Division III 
collegiate athletes. Due to the international pandemic of Coronavirus-19 (COVID-19), 
the study’s sample size was less than desired. Despite the small sample size important 
conclusions were made on the reliability of remote use of the My Jump 2 phone 
application. The two main findings in the current study are: (1) the reliability of MT, FT, 
JH, and RSImod was weak-to-poor under CMJ-WOS conditions, and (2) the reliability of 
all jump variables measured under the CMJ-WAS conditions was poor.  
 Before comparisons can be made between the jump conditions in the 
current study and previous studies, it is important to acknowledge the study’s results does 
not support the measurement of assessing jump performance remotely. When comparing 
the results for CMJ-WAS and CMJ-WOS, there was no significant difference between 
the variables MT, RSImod and JH. These are not in agreement with previous studies that 
observed CMJ-WAS to exhibit greater MT, RSImod, and JH than CMJ-WOS (Heishman 
et al., 2019; Lees et al., 2004; Vaverka et al., 2016). With the small sample size and poor 
reliability scores observed in the current study, it is important to take caution when 
analyzing comparisons between the current study and previous studies completed. The 
current study measured the arm swing condition for MT to be 0.05 s (4.7%) longer than 
without an arm swing. A previous study by Lees and colleagues (2004), found CMJ-
WAS to take a significantly longer (p<.001) time to complete than CMJ-WOS (0.1 s; 
10.4%). In the study, 20 college-aged athletically active males were assessed using force 
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platforms (Lees et al., 2004). The CMJ-WAS RSImod score was 0.08 (14.6%) larger than 
the CMJ-WOS. Measuring the performance of male and female collegiate basketball 
players on force plates, a 0.12 (20.5%) increase in RSImod score was observed in the arm 
swing condition (Heishman et al., 2019).  An important note that may explain the 
difference between the current study and (Heishman and colleagues (2019), is that 
Heishman and colleagues (2019) calculated RSImod using the JH and the MT of the 
individual. The My Jump 2 app calculates RSImod using MT and FT.  
The calculated JH for the current study was found to be 0.134 m (36.4%) higher 
when completing the CMJ-WAS condition. A smaller difference between the two 
conditions was reported previously by Vaverka and colleagues (2016), but the arm swing 
condition was significantly higher than the without arm swing condition (p<.001). The 
work of Vaverka et al. (2016) measured 18 members of the Czech Republic’s top male 
volleyball championship team. Completing measurements with force plates, it was 
reported that the athletes on average jumped 0.143m (27.4%) higher when completing the 
CMJ-WAS condition (Vaverka et al., 2016). When comparing average JH measured in 
both studies, Vaverka and colleagues (2016) reported higher JH values for both jump 
conditions (CMJ-WOS: 0.379 v 0.235; CMJ-WAS: 0.522 v 0.370) relative to the current 
study. The large difference of results is not surprising considering the participants in the 
current study are NCAA Division III collegiate athletes and the participants in the 
previous study are elite professional athletes. When comparing the JH of Junior Elite and 
Division III Ice Hockey players, Peterson, Fitzgerald, Dietz, Ziegler, Ingraham, Baker, 
and Snyder (2015) observed Junior Elite players to jump higher. The difference was 
explained to be due to an increase in the number of fast twitch muscle fibers in Junior 
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Elite players allowing for a larger force production (Peterson et al., 2015). When looking 
at values of collegiate athletes completing a CMJ-WOS, McGuigan (2016) reported an 
average JH of 0.409 m and 0.310 in female soccer players. Under the CMJ-WAS 
condition, an average JH of 0.616m and 0.528m was reported in male soccer players and 
female volleyball players, respectively. 
In the current study, FT was found to be significantly longer, 0.08 s (15.5%), for 
CMJ-WAS than CMJ-WOS. Similar results were observed by a previous study, reporting 
that FT to be longer (p < .01) when completing the CMJ-WAS, 0.04s (6.6%) (Mosier, 
Fry, & Lane., 2019). Although the current study saw a greater difference in FT, the 
previous study reported a larger average FT for both conditions (CMJ-WOS: 0.57 v 0.44; 
CMJ-WAS: 0.61 v 0.51). A potential reason for the difference is that the study by Mosier 
and colleagues (2019) measured only male participants, while the current study included 
both males and females. Laffaye and colleagues (2014) explain that females have a 
decreased JH due to the difference in muscle dimensions and architectures. Males have 
been observed to have increased pennation angles and fascicle length in their lower 
bodies promoting larger force production (Laffaye et al., 2014). The larger force 
production results in a longer FT and consequently larger JH. Therefore, the inclusion of 
males and females in the current study, may explain the lower FT values relative to 
previous work. Although FT was the only variable to differ significantly, all jump 
variables were higher for the arm swing condition than without arm swing. The 
difference in variables can be attributed to direct and indirect effects of the arm swing. 
As the arms swing upward during the concentric phase of the CMJ, an opposite 
force is applied back down through the body decreasing the speed at which the lower 
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body joints reach full extension (Harman et al., 1990). The decrease in speed results in a 
longer MT to complete the jump. This subsequently increases tension development time 
which enhances the force output of the muscles involved during the concentric phase 
which increases both FT and JH (Harman et al., 1990; Lees et al., 2004; Mosier et al., 
2019). In addition, the use of the arms increases the build-up of kinetic energy and is 
released at the point of take-off with the arms driving the rest of the body upwards (Lees 
et al., 2004; Mosier et al., 2019). Both the direct and indirect effect of the arm swing, 
explain the increase in MT, FT, and JH in the CMJ-WAS condition. The increase in 
RSImod is relative to the change in variables. An increase in this score is due to an increase 
of FT or decrease of MT. Although MT and FT both increased in the arm swing 
condition, FT increased to a greater degree, which caused increases in RSImod.  
For the assessment of reliability Joseph et al. (2013) suggest, values greater than 
.80 for interday ICC values as adequate. When completing the CMJ-WOS, the ICC 
scores for interday reliability for MT, FT, and JH were all above .80, but were due to 
large CI’s. A study by Choukou and colleagues (2014) measured college-aged sports men 
with accelerometers and force plates and calculated similar ICC values to the current 
study for MT. The ICC values with 95% CI reported by Choukou and colleagues (2014) 
were .88 – .93, which were deemed “good” by the authors based on the criteria of an ICC 
value of .8 or larger (Choukou et al., 2014). Reviewing literature for FT and JH,  
Heishman and colleagues (2018) measured the jump performance using force plates of 
male and female basketball players similar in age to the study’s current sample. The ICC 
values reported for FT and JH were .957 and .958, respectively. The RSImod score was the 
only variable to report and ICC value below .80. A previous study by McMahon and 
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colleagues (2018) reported ICC scores >.90 when observing college-aged individuals 
from an exercise science department on force plates. The ICC values calculated by 
McMahon and colleagues (2018) do not support the reliability of RSImod reported by the 
current study.  
In the present study, all four variables produced ICCLower values below .6. In the 
study by Choukou and colleagues (2014), ICCLower were reported for MT (.88), and JH 
(.80). McMahon and colleagues (2018) calculated the ICCLower for JH and RSImod, 
reporting values >.8 and >.75, respectively. Although some studies have observed “good” 
ICCLower, Aben and colleagues (2020) observed “poor” values for MT and FT. Studying 
the reliability of interday testing in professional rugby players using force plates, the 
authors calculated ICClower for MT and FT reporting -.42 and .57, respectively (Aben et 
al., 2020).  
Reviewing the reliability data for the CMJ-WAS condition, the ICC for all 
variables were below .8. In the same study described previously, Heishman and 
colleagues (2018) observed the CMJ-WAS condition to produce good ICC scores for FT 
and JH (both .93) based on the current study’s criteria. Shadmehr and colleagues (2016) 
calculated jump height using flight time collected on force plates from female 
participants (n = 25) who lacked training experience. An ICC of .96 was calculated for 
the test separated by 24 hours (Shadmehr et al., 2016). Slinde and colleagues (2008) 
calculated the ICC for JH of 30 college-aged males and females (.93) measured on 
contact mats, supporting JH to have good reliability in terms of ICC calculations. Of all 
the studies reviewed, the analysis of reliability for MT and RSImod for CMJ-WAS is 
lacking. Similar to CMJ-WOS, all jump variables ICCLower calculation were below .60. 
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Of the studies mentioned above, JH was the only variable measured to have included 
95% CI. Shadmehr and colleagues (2016) supported the current study reporting an 
ICCLower of .15. Slinde and colleagues (2008) contrarily found an ICCLower of .86. It is 
important to note that the study by Shadmehr and colleagues (2016) used participants 
without training experience. Due to the coordination of the CMJ-WAS, someone 
unfamiliar to the procedure may see more variation between jumps. This would explain 
the low ICCLower value calculated by Shadmehr and colleagues (2016). In the current 
study, the participants all reported at least 3 years of training experience. 
When using the CV to measure the reliability of a test variable, previous studies 
have deemed a value less than 10% to be acceptable (Atkinson & Nevill, 1997; Joseph et 
al., 2013; Stokes, 1985). In the current study, all variables for CMJ-WOS had a CV 
greater than 10%, resulting in poor reliability. The current results for MT are supported 
by Aben and colleagues (2020), who reported a CV of 10.5%. The CV was also 
calculated for FT and JH, 3.08% and 5.19% respectively. In the study by McMahon and 
colleagues (2018), the CV was calculated for all variables with a value less than 10% 
reported (J. McMahon et al., 2018). In the current study, the CMJ-WAS observed similar 
findings to that of the CMJ-WOS, with all jump variables reporting a CV greater than 
10%. Only one study calculated CV when analyzing the with arm swing condition 
(Heishman et al., 2018). The previous study calculated the CV for FT (2.6%) and JH 
(5.1%) and found these variables to possess “good” reliability scores regarding the 
current study’s standard. Similar to ICC, reliability for MT and RSImod in CMJ-WAS 
appears to be lacking. 
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Reviewing the studies utilized to make comparisons, force plates were commonly 
used to assess participants. The decision to use the My Jump 2 phone application was 
initially made due to the need to complete testing remotely during the Covid-19 
pandemic. Following the review of reliability for testing remotely, there was an apparent 
need for a means to test collegiate athletes during times of breaks in the school year when 
away from campus. The My Jump 2 application was selected in hope of providing more 
information for the present gap in literature. Based on the reliability analyses and criteria 
set for both jumps, the data suggests that the use of the My Jump 2 phone application is 
not a reliable measurement tool for remote assessments. The use of the phone application 
as a reliable device has been supported by previous research (Balsalobre-Fernández et al., 
2015; Coswig et al., 2019; Cruvinel-Cabral et al., 2018; Gallardo-Fuentes et al., 2016), 
noting that testing was completed with the rater and the individual together. Providing the 
opportunity for the instructor to provide instruction and feedback immediately ensuring 
proper jump technique every time. When completed remotely, it is impossible to be 
certain that participants followed the procedures exactly as described to them. 
Participants were expected to take three minutes of rest between each jump. Videos of 
jumps were uploaded separately, so there is no way of telling if the participants took the 
required rest between jumps or did all 6 in a row. Videos analyst recorded the participants 
feet and hips at the start and end of the jump. Once participants left the ground, the feet 
would leave the camera view. Therefore, there is no way of identifying if the participants 
tuck their knees or pike their hips during the jump to increase FT or if the hands left their 
hips at any point during the without arm swing condition. Therefore, although the phone 
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application has been deemed reliable in person, the application use remotely is not 
supported. 
When reviewing the different reliability studies, it is important to look at the 
number of participants that were involved in the study. When calculating ICC values and 
95% CI, “poor” ICC values do not only occur due to inadequate measurement 
repeatability but also due to the lack of variability among subjects or a small number of 
subjects (Koo & Li, 2016; Morrow Jr. & Jackson, 1993). Sample size also factors into the 
calculation for CV. The CV is calculated by dividing the standard deviation (SD) of the 
population by the mean of the population and multiplying it by 100 (Atkinson & Nevill, 
1997). As the sample size increases, the SD and consequently CV can be seen to 
decrease. Of the studies mentioned, Aben and colleagues (2020) had a sample size of 11, 
Choukou and colleagues (2014) had a sample size of 20, Heishman and colleagues (2018) 
had a sample size of 22, McMahon and colleagues (2018) had a sample size of 25, 
Shadmehr and colleagues (2016) had a sample size of 25 and Slinde and colleagues 
(2008) had a sample size of 30. The only study to support the current findings of a “poor” 
ICCLower and CV was Aben and colleagues (2020). With a similar sample size to that of 
the current study, an argument could be made that the use of the application could be 
reliable but is not shown in the current study due to the limited sample. Therefore, future 
research with more participants should be conducted to identify the true reliability of the 
use of My Jump 2 remotely.  
Limitations 
 A major limitation of the current study was COVID-19. Due to the closing of 
school after spring break for the remainder of the semester, testing was forced to be 
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completed remotely. After researching different options to complete testing, previous 
studies supported the phone application My Jump 2 as a valid and reliable tool to 
measure participants (Balsalobre-Fernández et al., 2015; Coswig et al., 2019; Cruvinel-
Cabral et al., 2018; Gallardo-Fuentes et al., 2016). Therefore, the My Jump 2 application 
was selected to be used to complete testing. 
 It is important to note that this was the first study to use the phone application to 
measure jump performance remotely. Previous studies utilizing the application had the 
rater present for jump testing to ensure correct set-up and jump technique (Balsalobre-
Fernández et al., 2015; Coswig et al., 2019; Cruvinel-Cabral et al., 2018; Gallardo-
Fuentes et al., 2016). In the current study, a video explanation of the camera set-up and 
jump technique were provided to the participants. Therefore, it was unclear if the 
participants positioned the camera the appropriate distance from their feet and had 
completed the jumps with the exact technique described. Participants were also asked to 
wait 3 minutes between each jump and to allow 3 – 7 days of rest between test sessions. 
By receiving each jump video individually, it is unclear if the appropriate amount of time 
was taken between jumps and sessions 
 Another potential limitation is the sample size of the current study. Described 
previously, reliability is not only affected by the repeatability of the measurements but 
also the sample size (Koo & Li, 2016; Morrow Jr. & Jackson, 1993). Due to the nature of 
the situation, it was difficult to recruit a large sample to participate. During the 
recruitment process, 12 athletes had shown interest, but only eight provided videos to be 
analyzed. A suggestion by Koo and Li (2016) is to recruit at least 30 participants when 
completing a reliability study. Due to the poor sample size, it is unclear to determine if 
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the reliability of the phone application used remotely is poor or that an insufficient 
number of subjects were analyzed.  
Practical Implications 
 During times of breaks throughout the school year (i.e. summer and winter), 
athletes can be away from their coaches for extended periods. Strength coaches are 
unable to monitor and assess their progress while athletes are away. Creating the inability 
to modify or update workouts throughout the break or accurately predict the physical 
shape their athletes will be in when returning to campus. Although the current study’s 
results does not support the use of My Jump 2, the phone application offers the ability to 
assess the athlete’s jump performance and power capability. Due to the high reliance of 
power in sport, power performance must be maximized. If strength coaches are allowed 
the opportunity to measure power in their athletes during times away from them, they 
have the opportunity to modify and change the athlete’s workouts to better fit their 
training needs as they would when together during the school year. Currently, the 
application is not supported to be used solely as a measurement tool but assist with other 
measuring devices. Future research is required before identifying if the application is a 
reliable tool that may be used remotely with athletes. 
Summary 
 In the current study, FT was the only variable that exhibited differences between 
CMJ-WAS and CMJ-WOS conditions. All other jump variables saw no difference.  With 
regards to inter-session reliability, MT, FT, and JH all showed weak reliability index 
values when completing a CMJ-WOS. MT, FT, and JH for CMJ-WAS as well as RSImod 
for both jump conditions produced poor reliability indexes. Based on these results, the 
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My Jump 2 phone application was not a reliable tool to assess athletes remotely in the 
current study. This was likely due to the small sample size (n=8), but future studies are 




SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
 The present study examined the reliability of variables measured under a remote 
administration of CMJ-WOS and CMJ-WAS in collegiate athletes. The CMJ with and 
without the use of an arm swing has been shown to be a reliable test across a wide range 
of ages and training levels when using force plates, contact mats, and recently phone 
applications while the tester was present. The current study is the first to complete jump 
testing with the My Jump 2 application remotely. Given the academic calendar of 
collegiate athletics and the extended break given to student-athletes, it seemed logical to 
assess the reliability of the My Jump 2 phone application when used remotely. 
 Eight healthy, resistance-trained college athletes volunteered to participate. 
Across two testing sessions, participants completed six CMJ, three CMJ-WOS and three 
CMJ-WAS. MT, FT, JH, and RSImod were measured using the My Jump 2 phone 
application. A two by two repeated measures analysis of variance was used to assess 
interaction and main effects for jump conditions (CMJ-WOS and CMJ-WAS) across the 
two days. ICC with 95% CI, and CV were used to examine the reliability of all four 
variables (MT, FT, JH, RSImod) in both jump conditions. Results showed FT to be the 
only variable to be significantly higher when participants utilized an arm swing. When 
comparing intersession reliability, CMJ-WOS showed a weak reliability index for all 
variables excluding RSImod, which showed poor reliability. When comparing intersession 
reliability for CMJ-WAS, all four variables showed a poor reliability index. It appears 
that the My Jump 2 application may not be a reliable tool to measure CMJ variables on 
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athletes remotely. Future research should expand the current sample size to more 
appropriately assess the reliability of the phone application. 
Conclusions 
 The results of this study yielded the following conclusions: 
1. A weak reliability index was reported for MT, FT and JH when completing the 
CMJ-WOS condition 
2. A poor reliability index was reported for MT, FT, and JH when completing the 
CMJ-WAS condition as well as RSImod for both jump conditions. 
Recommendations 
 The following recommendations for further research were made after this study: 
1. Testing should be increased in size to include at least 30 participants to assess the 
reliability of the My Jump 2 application. 
2. Individual sports should be looked at to identify the applicability on different 
sports teams as well as if the application is better suited for certain sports 
compared to others. 
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INFORMED CONSENT FORM 
 
Title of the Study: Measurement of Reliability in Countermovement jump with and 
without the use of arm swing in Male and Female Collegiate Soccer Players 
 
Principal Investigator: Dakota Brovero, CSCS, Graduate Student 
Faculty Advisor: Dave Diggin, PhD., Assistant Professor of Exercise Science and 
Athletic Training, Sebastian Harenberg, PhD., Assistant Professor of Exercise Science 
and Athletic Training 
 
Invitation to Participate in a Research Study 
 
You are invited to participate in a research study. In order to participate, you must be a 
member of Ithaca College’s Men and Women’s Soccer team between the age of 18 – 25 
years old. Taking part in this research study is voluntary. You are not required to 
participate in this study. You may stop or withdraw your participation from this study at 
any time.   
 
Important Information about this Research Study 
Purpose of the study: This study aims to examine the consistency in countermovement 
jump performance when performed with and without the use of an arm swing. 
You will be required to complete six repetitions of a vertical jump (3 with an arm swing 
and 3 without an arm swing) on two different days. Procedures will take approximately 
25-30 minutes during each day of testing. All procedures will be performed at your home. 
Procedures will require you to video yourself using your cell phone. 
The total time commitment for participating is 50-60 minutes.  
Risks and discomforts associated with this research: There is minimal physical risk 
associated with this study. 
Direct benefits to the participants: There are no direct benefits for participation in this 
study. 
Please read this entire form and ask questions before deciding whether you would like to 
participate in this research study.  
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Purpose of the Study 
The countermovement vertical jump is considered useful to identify athlete power 
capabilities. Test results are also found to be sensitive to fatigue and can be used to 
clarify athletes’ readiness to perform. However the level of variation expected in the 
performance of this test in soccer players is unknown. This study aims to examine the 
consistency in countermovement jump performance when performing with and without 
an arm swing. 
 
1. Benefits of the Study 
• Participant Benefits: There are no direct benefits for participating in the current 
study. As a participant in the study you will receive feedback on your current 
jump performance as well as establish your expected jump variation when 
completing the countermovement jump without arm swing and countermovement 
jump with arm swing.  
• Researcher benefits: This study is intended to serve as a Master’s thesis project 
for the principal investigator to complete his degree requirements. It will also 
benefit the research team to improve their research experience. 
• Scientific Community benefits: It is expected the results of the study will suggest 
the need for coaches to establish the expected variation with every team that they 
work with. Following completion, data may be presented to scientific and 
coaching communities in the form of journal articles and/or conference 
presentations. 
2. What You Will Be Asked to Do 
In agreeing to participate you will be asked to video yourself completing 6 
countermovement jumps, 3 with the allowance of arm swing and 3 without the 
allowance of arm swing on two separate days spaced 3 – 7 day apart. During each 
session you will be asked to complete the GPP dynamic warm-up in the at home 
packet provided by Ithaca College Strength and Conditioning. You will then complete 
the six countermovement jumps randomly. Jump order for your test session both days 
will be provided to you with the return of the informed consent form. You will be 
asked to allow three minutes of recovery between each jump. 
Test Day Duration (mins) 
Day 1  25-30 
Day 2  25-30 
Total Participation Time 50-60 
 
Participants will be excluded from participation if they have experienced an injury 
that has required them to miss three consecutive days of training in the past two 
months (see health questionnaire following this informed consent). 
 
4. Withdrawal from the Study 
Participation in this study is voluntary. You may withdraw from the study at any 





There is minimal physical risk during the testing process.  
 
6. How the Data will be Maintained in Confidence OR Anonymity of Research 
All the information will be treated with the strictest confidence and will not be 
disclosed to any party other than the investigator, supervisors, or yourself (if desired). 
Your videos will also remain completely anonymous at all times. You will be asked 
to upload your videos to a password protected platform in a folder that will be made 
available only to yourself and the research team. Videos will be viewed by the 
research team solely for jump analysis. Folders will be coded by participant number. 
Only members of the research team will have access to the names associated with the 
code, and the code will be kept separate from data files in a secure location (faculty 
advisor’s office: CHS 321). Data files will be kept for at least 3 years. 
 
7. Compensation for Injury 
If you suffer an injury that requires any treatment or hospitalization as a direct result 
of this study, the cost for such care will be charged to you.  If you have insurance, 
you may bill your insurance company.  You will be responsible to pay all costs not 
covered by your insurance.  Ithaca College will not pay for any care, lost wages, or 
provide other financial compensation. 
 
8. If You Would Like More Information about the Study 
If you would like more information about the study feel free to contact the principal 
investigator Dakota Brovero:   Email: dbrovero@ithaca.edu  Phone: 609.970.2933 
 
Ithaca College IRB 
Peggy Ryan Williams Center 
953 Danby Road 




I have read the above and I understand its contents.  I agree to participate in the study.  I 
acknowledge that I am 18 years of age or older.  
 
_____________________________________________________ 
Print or Type Name 
_____________________________________________________
 ____________________ 
Signature  Date 
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APPENDIX B 
Health Screening Questionnaire 
Please fill out this questionnaire to the best of your ability. You may choose not to 
answer any question though leaving a question blank may mean that you are not able to 
participate in the study. All recorded information will remain completely confidential. 
Your cooperation in this is greatly appreciated.   
Participant’s Name: ………………………………………….  Date of Birth: 
……………… 
Resistance Training Experience (years): ……………………  Age: 
……………………… 
Persons to contact in case of emergency:   
Name: ………………………………………………………….   
Phone Number: ……………….. 
Have you had to consult your doctor within the last six weeks?       Yes □       No□   






Have you currently or ever had:  
□ Diabetes      □ Asthma     □ Bronchitis     □ Heart complaints   







Injury History:   
Have you experienced an injury within the last two months that has limited or 
resulted in the termination of your normal exercise activities?     Yes □   No □   
If yes please provide details of:   
- Type of injury: ……………………………………………………………………………  
- When it occurred: ………………………………………………………………………   
Could these injuries prevent / limit your performance in the forthcoming exercise testing? 
  Yes □   No □   
If you have answered NO to all questions then you can be reasonably sure that you can 
take part in the physical activity requirements of the testing procedures.   
I ……………………………………………….. declare that the above information is 
correct at the time of completing this questionnaire       Date ……../……../………   
Participant’s signature ………………………………….    Date ……../……../………   
Investigator’s signature ………………………………..    Date ……../……../………   
Please Note: If your health changes so that you can then answer YES to any of the above 
questions, please inform the experimenter / laboratory supervisor.  
This study has been approved by the Institutional Review Board (IRB) of Ithaca College. If you have any 
concerns about this study and wish to contact someone independent, you may contact the IRB at: 





Raw Data Key 
Abbreviation Definition 
MT Movement time of the jump, in seconds 
FT Flight time of the jump, in seconds 
JH Jump height calculated from the subject’s 
flight time, in meters 
RSI Reactive Strength Index calculated from 
the subject’s flight time and movement 
time 
WOS Countermovement jump without an arm 
swing 









Jump MT FT JH RSI 
1 WOS 1 1.39 0.40 0.20 0.29 
1 WOS 2 1.28 0.43 0.22 0.33 
1 WOS 3 1.10 0.40 0.20 0.37 
1 WAS 1 1.17 0.40 0.20 0.35 
1 WAS 2 1.15 0.45 0.25 0.39 
1 WAS 3 1.12 0.40 0.20 0.36 
3 WOS 1 1.15 0.43 0.22 0.37 
3 WOS 2 0.81 0.45 0.25 0.56 
3 WOS 3 0.79 0.47 0.27 0.57 
3 WAS 1 0.83 0.47 0.27 0.57 
3 WAS 2 0.90 0.59 0.30 0.55 
3 WAS 3 0.81 0.49 0.30 0.61 
4 WOS 1 0.90 0.54 0.36 0.60 
4 WOS 2 0.97 0.47 0.27 0.49 
4 WOS 3 0.90 0.54 0.35 0.60 
4 WOS 4 0.85 0.49 0.30 0.58 
4 WAS 1 0.85 0.54 0.36 0.63 
4 WAS 2 0.88 0.54 0.36 0.62 
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6 WOS 1 0.67 0.47 0.27 0.70 
6 WOS 2 0.67 0.43 0.22 0.63 
6 WOS 3 0.74 0.36 0.16 0.48 
6 WAS 1 1.00 0.43 0.22 0.40 
6 WAS 2 1.07 0.43 0.22 0.40 
6 WAS 3 1.13 0.41 0.20 0.36 
7 WOS 1 0.98 0.36 0.16 0.37 
7 WOS 2 0.92 0.38 0.18 0.42 
7 WOS 3 1.02 0.41 0.20 0.40 
7 WAS 1 1.00 0.43 0.22 0.42 
7 WAS 2 1.07 0.43 0.22 0.40 
7 WAS 3 1.13 0.41 0.20 0.36 
8 WOS 1 1.17 0.43 0.22 0.36 
8 WOS 2 0.81 0.40 0.20 0.50 
8 WOS 3 0.97\ 0.40 0.20 0.42 
8 WAS 2 1.30 0.52 0.33 0.40 
8 WAS 3 1.30 0.49 0.30 0.38 
9 WOS 1 0.92 0.45 0.25 0.49 
9 WOS 2 0.76 0.38 0.18 0.50 
9 WOS 3 0.90 0.40 0.20 0.45 
9 WAS 1 1.01 0.43 0.22 0.42 
9 WAS 2 0.96 0.43 0.22 0.44 
9 WAS 3 0.80 0.33 0.14 0.42 
78 
 
11 WOS 1 N/A 0.51 0.32 N/A 
11 WOS 2 N/A 0.54 0.35 N/A 
11 WOS 3 1.13 0.52 0.33 0.46 
11 WAS 1 0.64 0.67 0.55 1.05 
11 WAS 2 0.64 0.58 0.41 0.91 





Jump MT FT JH RSI 
1 WOS 1 1.33 0.40 0.20 0.30 
1 WOS 2 1.37 0.43 0.22 0.31 
1 WOS 3 1.14 0.40 0.20 0.35 
1 WAS 1 1.10 0.45 0.25 0.41 
1 WAS 2 1.08 0.36 0.16 0.33 
1 WAS 3 1.06 0.47 0.27 0.45 
3 WOS 1 0.92 0.47 0.27 0.51 
3 WOS 2 0.94 0.49 0.30 0.52 
3 WOS 3 0.88 0.49 0.30 0.56 
3 WAS 1 0.81 0.56 0.39 0.70 
3 WAS 2 0.92 0.56 0.38 0.61 
3 WAS 3 0.88 0.56 0.39 0.64 
4 WOS 1 0.97 0.49 0.30 0.51 
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4 WOS 2 0.90 0.54 0.36 0.60 
4 WOS 3 0.83 0.54 0.36 0.65 
4 WAS 1 0.94 0.49 0.30 0.52 
4 WAS 2 0.94 0.49 0.30 0.52 
4 WAS 3 0.79 0.58 0.42 0.74 
6 WOS 1 0.72 0.31 0.12 0.44 
6 WOS 2 0.70 0.36 0.16 0.52 
6 WOS 3 0.76 0.41 0.20 0.53 
6 WAS 1 0.63 0.74 0.67 1.18 
6 WAS 2 0.67 0.43 0.22 0.63 
6 WAS 3 0.67 0.43 0.22 0.63 
7 WOS 1 0.81 0.40 0.20 0.50 
7 WOS 2 0.83 0.43 0.22 0.51 
7 WOS 3 0.79 0.45 0.25 0.57 
7 WAS 1 30.44 1.76 30.82 0.51 
7 WAS 2 0.85 0.47 0.27 0.55 
7 WAS 3 0.81 0.47 0.27 0.58 
8 WOS 1 0.99 0.36 0.16 0.36 
8 WOS 2 0.90 0.38 0.18 0.43 
8 WOS 3 1.03 0.38 0.18 0.37 
8 WAS 1 1.30 0.43 0.22 0.33 
8 WAS 2 1.19 0.52 0.33 0.43 
8 WAS 3 1.28 0.47 0.27 0.37 
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9 WOS 1 0.87 0.37 0.17 0.43 
9 WOS 2 0.81 0.39 0.19 0.49 
9 WOS 3 0.99 0.37 0.17 0.38 
9 WAS 1 1.03 0.39 0.19 0.38 
9 WAS 2 0.97 0.37 0.17 0.38 
9 WAS 3 1.01 0.39 0.19 0.39 
11 WOS 1 0.81 0.46 0.26 0.57 
11 WOS 2 0.91 0.45 0.25 0.50 
11 WOS 3 0.97 0.48 0.28 0.49 
11 WAS 1 0.91 0.56 0.38 0.61 
11 WAS 2 0.74 0.52 0.33 0.70 
11 WAS 3 0.85 0.54 0.35 0.63 
 
 
